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POWER BACKPLANE FOR POWER ELECTRONIC DEVICES 



R ArKGROUND OF THE INVENTION 
The present invention relates generally to the field of power electronic devices, and 
particularly to a novel technique for providing power to and firom such devices in a modular 
package, and for providing cooling to the components, where desired. 

A wide variety of applications exist for power electronic circuits, such as switching 
devices and systems. In such systems, multiple components may be combined and 
interconnected for a wide range of fimctionality. For example, in traditional switchgear 
applications, an enclosure is generally provided into which power is routed, along with 
network signals, sensor inputs, actuator outputs, and so forth. Components within the 
enclosure are interconnected with external circuitry, and can be interconnected with one 
another to provide for control, monitoring, circuit protection, and a multitude of other 
functions. Such conventional approaches, however, require a substantial number of 
terminations of various conductors, routing of conductors, mounting of various 
components, and so forth. 

hi other types of packaging, components may be associated with one another in 
mounting areas or bays, which are electrically coupled to buses for routing power to the 
various components. Examples of this type of packaging may be found in conventional 
motor control centers, in which various control, monitoring and protective circuits are 
mounted and interconnected with one another via wiring harnesses, cables, and so forth, hi 
other appUcations, particularly where power levels are much lower, it has become 
conventional to provide a "backplane" to which components may be coupled, such as via 
plug-in connections. Such backplanes are currently in use throughout industrial 
applications, as for providmg data and control signals to and fi-om programmable logic 
controllers, computer components and peripherals, and so forth. The use of such 
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backplanes, through which data and control signals can be easily routed, presents substantial 
advantages from the point of view of ease of assembly, replacement, servicing and 
expansion of overall systems incorporating a large number of interfaced components. 

5 Despite the considerable convenience of backplane approaches to component 

interfacing, very limited use of such technologies has been made in power applications. In 
general, power applications may be considered to include those applications where higher 
power ratings are provided, typically either a single or three-phase ac power, to drive 
electrical loads. As will be appreciated by those skilled in tiie art, circuitry designed for 
1 0 such power applications typically differs substantially from circuitry for data applications. 

The power ratings, electrical characteristics, and thermal characteristics of power electronic 
circuits are particularly demanding, from many points of view. For example, due to higher 
voltage and current ratings, routing of conductors must meet stiingent industry standards 
and codes. Dissipation of thermal energy in such settings is always an issue, particularly 
15 where package sizes become reduced due to space, weight and similar constraints. Certain 
circuits are currently cooled by fluids, including by liquid cooting media, which adds a 
further dimension to the complexity of mounting and routing of elecfrical conductors and 
fluid conduits. 
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Current interconnection arrangements for most power electronic circuits, like tiiose 
for large motor drives, do not use backplane topologies. Rattier, power is routed into, 
throughout and out of enclosures based upon the locations of the components. Coolant, if 
used, is similarly routed. Consequentially, it is common to see large conductors, insulated 
and uninsulated, bent into circuitous paths between and among components wittiout much 
25 regard for the efficiency of the connections or ttie use of space. Such approaches are not 
only challenging to service, but can be quite time consuming to design and fabricate, 
generally requiring custom bending and installation of the many intercomiections and 
supports. 
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IT.ere continues to be a need for improved techniques for mounting and interfacing 
power electronic components and products, that offer flexible and cost-effective 
manufacturing potential in modular packages. There isaparticular need for improved 

designs for mounting and mterconnecting power electronic components both electrically 
and with coolant sources that can be adapted for a wide range of applications and circuit 
configurations. 

STIMMARY THF INVENTION 

The present technique provides a novel approach to power electronic packaging 
designed to respond to such needs. The technique significantly advances the art in the use 
of abackplane concept adapted for power electronic circuitry. The technique maybe used 
for both large and smaller systems, and for interconnecting few or a large number of 
components in modular packages. The technique is particularly suited to applications in 
which power electronic switching devices can generate significant amounts of heat that can 
be extracted via Uquid coolant circulated through one or more of the devices. The modular 
packagmgmaybe adapted very flexibly to accommodate a wide range of circuit and 
component configurations requiring such interconnections. 

RPTFF nFSCRIPTTON OF THE D RAWINGS 

The foregoing and other advantages and features of the invention will become 
apparent upon reading the following detailed description and upon reference to the 
drawings in which: 

Figure 1 is a bottom perspective view of a power backplane in accordance with 
25 aspects of the present technique as applied to a power electronic system; 

Figure 2 is a perspective view of the components mounted to the backplane within 
the system, with enclosures of Figure one being removed to expose the components; 
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Figure 3 is a side elevational view of the system of Figure 1, diagrammatically 
illustrating the application of coolant and signals to and from the assembly; 

Figure 4 is a partial elevational view of certain exemplary components that 
makeup the backplane system of the previous figures shown exploded for exemplary 

purposes; 

Figure 5 is a rear elevational view of the exemplary components of Figure 2 with 
support and isolation elements of the backplane removed to illustrate various types of 
electrical intercomiection that are available via the present technique; 

Figure 6 is a tope perspective view of the backplane of the exemplary system of 
Figure 2 with components removed to illustrate component mounting and intercomiection 
structures, and certain electrical interconnection components; 

Figure 7 is a top perspective view of the system of Figure 6, in which the 
component mounting structures and isolation structures have been removed from the 
backplane; 

Figure 8 is a top perspective view of a rear side of a conductor support used in the 
exemplary backplane system behind the support structure shown in Figure 7; 

Figure 9 is a top perspective view of the rear side of the backplane system of 
Figure 8 in which a coolant system support structure has been added; and 

Figure 10 is a top perspective view of the backplane system of Figure 9, in which 
coolant conduits have been added onto the support structure. 
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:rM,y.*w>epow.^.p.a.esys.™:Ope™..dis«i.»ao„ofpowe.^ 

X.np-«oa>appUoa««.,*epowere— s,s.e«U.ayae™ 
lousen— Mo,ecver,U.epresen..ectai<,ueisp— ywe«.su,.e^. 
;.e„so wMcMhe^acMane.— n^ybe^ployedincMe— ^^^^^^ 

Mo^vcr, various — ^u„»en.™aybeacccn»<.a«a,»c.„d,ng,.^^ 

.i^^eC^-accent oapa«i.ie., sealed ^ unseaW u„i.s, exp.o.o„ proofs... 
„a«rproof«m.s."zerocabme."enc.osu.s.»dsofonh. Such systems may 
aeeolodateacU.u.dciupu..acau.o.acou.u.s.a„d.« 
voUageandc^rentratings. stailariy, various conunmuc^ons mterfaces may be 
:llda.edsucHasoon«o.a^ue™o*s,vario...s«y-spec.o.^^^^^^^ 

■ fj^ncHevices as well as proprietary communications 
and cards analog commimications devices, as wcu ^ f 

: ;;.pl«y— edemb«.imeu.andasmo.M.yde.nW 

™Jf power inpuu and outputs may vary widely, «uding both smgle-phase and 
ZipoweIwi.bacra.edvo..agesvatyi„g.omn0VoUs.o3S0/460V*..d 
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the cooling layers and components. 
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1, fte «nbodto»t illust^ted in Figure 1 , Che power baclcptae system 10 extends 
over a desired area. bu. is subdivided into s^tions as described be.ow. Each section rs 
secured ^ sealed fton. one anote by an enCosure or cover 14. One or u,u . -pie such 
enclosures may be provided in tt>e power backp.-. depending upon d,e needs of me 
application. Also as illustrated in Figure l.terminaU 16 are provided along an edge of 
L power bacMane system 10 to » interconnection of the power backplane, and 
thereby the components of the system 12, with external cucmtry. 

Figureaillustratesthe system ofFi^ 1 following removal of the enclosures 14. 
Ascanbesee„..hepo«ereleet«,nicsys.em 10 may include a range of components ,8 

counted on the power backpl^e system 10 and intercomtected with one another and wtth 
external circuitry,as well as withcoolantflow.wheredesired Details regardmgthe 

specific components illustrated inFigure2arenotprovidedhe«in.However,those 

*iUed in the an will readilyreco^i- .hat many suehcomponents and systems canbe 

accommodated viathepres^t technique, including components defininganyotthe 

circuitry discussed generally above, as well as other types of circuits as well. 

AS noted above, in the illustrated embodiment, the circuitry defining the power 
elechonic system 10 is subdivided into sections 20. TTte sections are interconnected vra 
.he power backpl- system 10. but for vaHous reasons may be isolated ftom one another 
via the enclosures illustrated in Figure 1 . Such reasons may include voltage ratmgs, 
^ieeability concerns, electric isolation concerns, and so forth. In the illustrated 
embodiment, supports or standoffs 22 are provided tor both accomunodatmg the 
components of the power electronic system 12, and for securement of the enclosure or 
^ver over the components and thecorrespondingportionofthe power bacM- system 

,0 AS also shown in Figure 2, the terminals described above may be provided m 
terminal arrays 24. as to a^ommodate groups of input, or outputs, such as three-phase 
conductors of different power ratings or classes. 



6 



03AB108 



Figures 3 and 4 illustrate side views of the exemplary embodiment of the power 
backplane system shown Figures 1 and 2. Specifically, Figure 3 illustrates the 
subdivision of the overall assembly into the power backplane system 10 and the power 
electronic system 12, with the enclosures 14 in place. As illustrated diagrammatically in 
5 Figure 3, in the embodiment described herein, the power electronic system 10 includes 

components which require fluid cooling, suppUed by a coolant inlet flow 26 and a coolant 
outlet flow 28. Similarly, reference numeral 30 indicates generally the interchange of 
power and data with the power backplane system 10, such as via the terminal arrays 
illustrated in Figure 2. It should be noted that, while in the illustrated embodiment it has 
10 been convenient to group the inputs and outputs, and the coolant of flow along an edge or 
sides of the power backplane system 10, such inputs and outputs, and interconnections 
may be provided at any location in a power backplane system. Thus, where desired, 
various terminal and connection configurations may be envisaged, as along a single edge, 
multiple edges, flow-through arrangements, and so forth. 
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The illustration of Figure 4 generally shows exemplary portions of the power 
backplane system 10 in accordance with a present embodiment. Specific 
implementations of these components are illustrated in the subsequent figures, although 
for illustrative purposes a number of the components have been illustrated very generally 

20 in Figure 4. hi the illustrated power backplane system 10, multiple layers or levels of 
conduits, conductors, insulators and mechanical supports are provided. In general, the 
overall system is defined by an assembly of these four types of elements stacked and 
interconnected with one another to define the desired electrical and fluid interconnections 
between the components of the power electronic system, and to provide the desired 

25 mechanical support and electrical isolation for these components. 

As illustrated generally in Figure 4, and beginning fi-om what may be termed a 
rear side of the power backplane system 10, a rear support 32 provides a rear enclosure- 
type panel and mechanical support for various components in the assembled system. In 
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the present embodiment, the rear support 32 is a rigid metallic support. Within the rear 
support 32, coolant conduits 34 route coolant flow from an inlet to an outlet, and between 
the various components. It should be generally borne in mind that multiple such circuits 
may be provided, as to accommodate different coolants, different flow paths, and so forth. 
Moreover, various fluid circuits may be defined, including manually-operated valves (not 
shown), open and closed-loop sensor and actuator systems (not shown), and so forth. 
Similarly, integrated or external reservoirs, coolant pumps, and so forth may be provided 
at this level, although it may be preferable to provide such circulation equipment as an 
external system plumbed to the power backplane system. 

The coolant conduits 34 are mechanically supported within the power backplane 
system 10. hi the illustrated embodiment, mechanical support is provided by a conduit 
support/isolation layer 36. While various types of supports and isolation may be 
envisaged, in the illustrated embodiment, layer 36 provides both mechanical support for 
the coolant conduits, and electrical isolation of the coolant conduits and any other 
components behind the layer 36 from conductor layers on an opposite side thereof 
Moreover, apertures 38 are provided through the conduit support/isolation layer 36 to 
allow passage of the conduits 34 therethrough, as well as any fasteners, mechanical 
brackets, and so forth which may be required for securement of the conduits, or layer 36 
within the assembly. 

Continuing from the rear to the front side of the power backplane system 10, a 
rear conductor support/isolation layer 40 provides for mounting and routing of power 
conductors 42. Layer 40 may be constructed in a similar manner to layer 36, to provide 
both mechanical support to the conductors 42, as well as isolation between the conductors 
and between the conductors and other components of the system. Moreover, as described 
more fiilly below, conductors 42 maybe routed in various configurations and directions, 
and interconnected with one another so as to route power to locations adjacent to the 
connection points for the various components to be mounted on the power backplane 
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system. For mechanical securement of the conductors to the rear conductor 
support/isolation layer 40, and for interconnection of the conductors with one another and 
the components, fasteners 44 may be provided. Where desired, screwed fasteners, riveted 
fasteners, or any other attachment system, such as welding, brazing, solder comiections, 
flexible braids, and so forth may be provided. As with layer 36, support/isolation layer 40 
includes a series of apertures 46 extending therethrough to accommodate both the passage 
of any conduits 34 and any fasteners 44 or the conductors 42 themselves. Naturally, 
certain of the apertures through layer 40 will correspond to locations of apertures 38 
through layer 36. 



Continuing with the illustrated assembly, a front support 48 is provided to add 
mechanical support for the various components to be mounted on the power backplane 
system 10. In a present embodiment, a support 48 is made of a rigid metallic sheet so as 
to effectively sandwich the conduits, support/isolation layers 36 and 40 and conductors 42 
15 within the power backplane system 10, and to provide mechanical support for the 

components. It should be noted that, where desired, multiple individual layers may be 
provided on one or both sides of the front support 48. For example, multiple conductor 
support/isolation layers 40 may be provided, so as to route multiple layers of conductors, 
including conductors of various power ratings, conductors extending in various 
20 directions, conductors accommodating various terminal locations, and so forth. A single 
such layer is illustrated in the present embodiment. 

On an opposite side of the front support 48 is a series of conductors that serve to 
route power, isolate, and support the power electronic system components. Thus, in the 
25 illustrated embodiment, front component support/isolation layer 50 is disposed over the 
front support 48, and serves to support additional conductors 52 used to route power to 
and from the power electronic components. The layer 50 will include series of apertures 
in a manner similar to those described above for layers 36 and 40, serves to permit 
routing of a coolant and any fasteners or conductors therethrough. Conductors 52 may 
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extend in to s^e d^ection as conductors 42 or in difler»t directions, depending upon 
the layout of the power electronic system components. 

Additional isolation layer, maybe provided over the conductors, or components 
supports may be ptovided directly over the conductors and mounted to support/isolauon 
layer 50 as in the illustrated embodiment. In particular, a component support 54 ,s 
illustrated in Figure 4 to provide mechamcal support for the upper component 18 as 
iUustrated. Also as illustrated in Figure 4, to accommodate the different secdons of the 
po«,er electronic system, as described above, multiple separate support/isolatton layer 
elememsmaybeprovided.suchasupperandlowerelementsforthedifrercntsecuons.lt 

should be noted that in the same manner, layers 36 and 40 may be separated into multtple 
layers, depending upon the layout of the system, support and isolation needs, and so forth. 
Additional conductors may be provided for routing power directly to and ax>m the 
individual components 1 8. As described more fully below, direct plug-in comtecttons 
may be provided, or individual conductor^ such as represented at reference numeral 56 m 
Figure 4, may be electrically comiected between the conductors 52 and/or 42 and the 
components. 

An important aspect of the present technique is the highly flexible and adaptable 
nature of the overall system approach. That is, many system configurations maybe 
envisaged, and may be accommodated by the various layers of the power backplane 
system 10, the conductors provided, the locations of the conductors, and their mechamcal 
and electrical support and intercomiection. Essentially, the present technique provides 
and alternative to traditional enclosure-routed comiections by means of the multi-layer, 
modular power backplane system. 

Figure 5 generally illustrates, for the exemplary implementation described above, 
this type of flexibility. Figure 5 is a rear elevational view of the implementation 
described above, with all coolant, support and isolation elements removed. That is, 
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Fig^5r.prese„.3o.Uyfteco«po„en«of*epow.re.ec.o„ic systemic — 
X.=naa,e™»«ngof*e—.inme various .aye.of.hepowerWManc 
,ystem.oaccc™.odateu,».andoun.u.po»er.oandfe>,nU,ecompone„s.and 
Lo— of.h.con^ne„.swiU.onea„o*..Assh„wni„«gu.5.pow.M. 

.0— 5S.aybero„.e.be.»e..heinpu.a„dou.pu.tomevanous»np^^ 

S^h bus conduce, may include toee-phase power conductors of same or *fl^ 
powerra«nSs.Moreover,dependi„supo„.bena,.e„f.hcpowere.eo»o.cs^te„.«.e 

bus conductors may apply power to the components or may route power ^ the 
componentstoextem^circuitty. In the illustrated implementation, and as descnbed 
mZ«.llybe.ow,tbever.ica,p«werbusoonduc.orsarer„utedbebi„dtl,e.»conductor 

support/isolation layer 40 shown in Figure 4. 

h,tercom.ected with these power bus conductorsSSare what may betenned 
distribution conductors 60. These conductors serve to route power directly and 6om 
components of the power elecuonic system, by interconnection between the power 
husconductors5Sandth.c„mponentsthemselves.oradditionalcondnctors*^^^^^ 
airec,lytothecompon«ts,lnpracticalappUca.ions. distribution conductors 60 may be 

Un^edtothe individual componen.sbydir^connection,byadditionalc„nducto^^ 
as conductor 56 .llustrated in Figure 4. by cabUng or conductive braids. "-"J*- 
suitable conductive mechanism. This stacked stntctu., then, provrdes averyh.^ de^ 
offlexibiU,yht,hesystemdesi^an,inconiu„c«onwiththesuppo«n^^, 

inhe^ isolation of the conductors fe>m one another, and mechantcal support for the 
conductors in the power backplane system. 

With reference now to Figures 6-10, the exemplar, implementation illustrated 
a^ve is shown throng successive removal of the system components ftom tat and rear 
,aes of the assembly. Again, it should bonte in mind that the parUcular configuratton 
described herein, and shown in Figures 6-10 is provided as an example only. Many 
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differs, layout and co„flg«a.ions may be mad. trough appHcation of «.e principles of 
the inventive technique. 

Refemng specifically to Fis»« 6, fte power baclcptoe system 10 is shown 
following removal of *e power eleo«onic components 18 shown in ^ previous fi^es 
(see es Figure!), with the component removed, the front component 
:ppor^i.lallayer50mayhesee„.Asnotedahove,intheexemplaryemhodin,e„. 

Shown, two sep^ layer elements are provided to a^ommodate the two s^-e^ 
sectionsofthepowerelectronicsysten. The ton. support 48 is seen behmd the fton. 
component support/isolation layer 50, and may include tate^ fasteners, such as tapped 
insens. or simple aper^^s to accommodate such «eners. to allow — 
support of the power bacM- syst™, enclosures 14 (see, e.g. Figure 1). and to allow 
for securement of the ftont support 48 to the rear support 32. As also shown m F.gu.^ 6, 
individual component supports 62 are mounted on the front component support/tso ahon 
W 50 to allow the individual components to be mechanically supported thereon for 
inLnneetionwithcootatconduitsandelectrioalcircuitry.Specifically-de.^^^ 

located apertures 64 may be seen in Figure 6, for accommodating passage of flurd 
conduits (not shown in Fi^ 6) to and from the individual components. Add.hona.ly, 
such apertures are provided, where necessary, for intercomrectton with the con uctors 
thatlieon a front faceof the support/isolation layer 50 or behind layer 50. Ad*t.on^ 
elements of thebackplaue system may include p,ug-in connectors 66 to allow for ready 
engagement of the power elect^nic systems with either power or data cbcurts or both. 

As may also be seen in Figure 6, the front component support/isolation layer 50 
™ay deflne ^ooves or other support feamres to support and isolate conductors 52 that are 
disposedthereon,asrepresen.edgeneral.yatreferencenumeral70inFigure6. The 

isolation layer 50, and the other isolation layers, may be made of any suitable mat^al. 
such as glass-filled ABS. syntheuc plastic isolation materials, paper and tmpregnated 
paper layers, and so forth. The support features, such as grooves 70. may be routed m one 
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„, ™mp.e direcdons, and may be fo»ed i. layer 50 by ■nachm.ng (.g. m.. mg). 
I„.dingori„anyo*.sui*efi^on.Similarly..he,ayer50,.se,f,.aybea 

„Zhanica,suppor,ot«-eco„duoto.isno.re,ui«doffteiso.a«on.ayers.fte.e,ay«. 

ZrideLbee.ofinsuU«„s™a.eHa,,suobasaspu„fib.»a.eri.co— 

rle6o„E.I.d.Po„.deKe.ou..d«u„d«*e.,..ered«ade„«* 

Nomex. 

7 shows a sin^lar perspective vie« of *e baekp.ane system .0 bu. wherein 
„e componen. support 62 and iron, eomponen. s„ppor.isoUtion layer 50 have been 
:::::oe.po:i.on.s.ppor.4S..sno^above,snppon4S> — 
e„Win,e„Us»adeoran,eta.p.a.eorothern,echaniea..yris.dasse»b.ywh.^^ 

suppor. «.e components secure .hereto. The support generaUy forms a pane 72 through 
::rcoo.antcoluaper.ures74areforn,ed.O,herapertures7.acconuno^^^ 

,„ oonductorsbelow or behind «re pane. 72. C.early. additional apertures, fasteners 
rnLsandsofor.hnraybeprovidedh.thepane,orthroughthepaneltoa— e 

rn.;ngoftbevaHouss.ruc^softhepowerbac^.a„esysten..Furth.s^^^^^ 
Wendingstntcturessuchasflanges7Sn,aybefbnnedonoraround.hepa„e..o 

better house and structurally support the components. 

Conth.uing.oFigure8,therearsideotfto„.support4SshowninFigure7houses 

,hercarcond«ctorsuppor.isola.ionlayer40showninFi^reS. 
^resentsaview^n,there.of.ayer40wi.h^ntsupport48seenbeh,nd ayer«>. AS 

1 6on, component support/isolation lay» 50 (see Figure 6), layer 40 may be 
comprised of any suitable type of material, such as a mechanically supportmg and 
iecLally insulative material. Again, where mechanical support is not re,u.red. la^ 40 

esin*lyanelectr,ca,ly,nsu,at,ngsheet. T.e.ayer40inc,ud^^ 
rLconduitaperturesSOtopermitpassageofcoolan.co„d„itsth.r.through.asweU 
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as conductor apertures 82 to permit access to conductors 42 which are routed on the rear 
ace of layer 40. It should be noted that, as mentioned above with reference to layer 50, 
layer 40 may, in certain appUcations, include multiple lay«s of insolating material, or 
assembUes of insolating material with a single or multiple layers of conductors. In the 
embodiment illustrated in Figure 8, a single layer of insulative material is provided wtfh a 
correspondingly single layer of conductors. The conductors each comprise a flat plate or 
strap which is laid into a routing groove 84 provided on the rear fece of layer 40. As 
noted above, such grooves may be formed by machining operations, or may be preformed 
in the support/isolation layer 40. The particular form and routing of the conductors wrll 
depend upon the placement of the power needs of the various system components, to the 
embodiment illustrated in Figure 8, for example, the conductors include extenstons 86 
which protrude beyond the lower edge of layer 40 to permit attachment of terminals (see. 
e g. Figure 2). As noted above, the conductors may be secured to layer 40 by any suitable 
means, such as via fasteners, riveu. soldering to other components, welding to other 
components, and so forth. 

Figure 9 illustrates the power backplane system 10 with the conduit 
support/isolation layer 36 being mounted over the rear conductor support/isolation layer 
40 and conductors 42 shown in Figure 8. As with the other support/isolation layers, layer 
36 may include a single panel of material which is machined or an assembly of elements 
which are assembled and associated with one another to perform the desired mechamcal 
support and electrical isolation fimctions. Where appropriate, the layer may also 
comprise a simple insulating sheet. In the embodiment illustrated in Figure 9, layer 36 
includes conduit supports 88 which serve to route and mechanically support the condmts 
used to distribute coolant flow to and from the various components of the power 
electronic system. Accordingly, as noted above, apertures are provided through layer 36 
to accommodate the conduits. As will be appreciated by those skilled in the art, fasteners 
90 or other mechanical devices may be used to join layer 36 to other layers of the power 
backplane system and to hold all of the layers firmly in an assembly. 
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Figure 10 illustrates the rear of the power backplane system 10, with the rear 
support 32 removed for explanatory purposes. As may be seen in Figure 10, the fluid 
conduits 92 used to route coolant to and from the various components are supported on 
the conduit support/isolation layer 36, and passed through the various layers to the 
serviced components. The conduits may be made of any suitable material, such as a 
conventional tubing, piping, manifolded conduits, hoses and flexible conduits, and so 
forth. As also noted above, an inlet 26 is provided, along with an outlet 28 for the coolant 
flow. The mlets and outlets may be provided at any suitable location, such as for a 
through-flow configuration as shown in Figure 10, or along the same or multiple sides, 
edges or faces of the system. 

The power backplane system described above facilitates mounting of the various 
system components, and routing of power and coolant in a very modular and flexible 
fashion. Moreover, necessary isolation of electrical conductors from one another is 
inherently provided by the layers of the system. Where desired, additional sealing, 
covers, isolation zones, and the like maybe provided or defined in the system, depending 
upon the system requirements. Similarly, additional isolation and structural rigidity may 
be provided by filling one or more of the spaces in which the conductors are provided 
with various materials, such as fire stop materials which may be specified in various 
classes depending upon the application. Such materials may also offer a sealing fimction 
within one or more of the layers, or between layers. 

While the invention maybe susceptible to various modifications and alternative 
forms, specific embodiments have been shown by way of example in the drawings and 
have been described in detail herein. However, it should be understood that the invention 
is not intended to be limited to the particular forms disclosed. Rather, the invention is to 
cover all modifications, equivalents, and alternatives falling within the spirit and scope of 
the invention as defined by the following appended claims. For example, while single 
elements or layers are generally described in the illustrated embodiment, these "layers" 
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may comprise multiple separate pieces that functionally serve as a layer from the 
standpoint of the backplane. Such separate pieces may, for example, facilitate conductor 
alignment, define the required mechanical supports, define insulators and insulation 
layers, and so forth. Similarly, while coolant conduits have been described in the 
exemplary embodiment, various types of manifolds may be employed as well, to aid in 
routing coolant into the assembly, to and from components, and to facilitate sealing of the 
coolant flow paths. Moreover, the locations of the various connections may be freely 
changed from those discussed above. For example, in certain arrangements, it maybe 
preferable to provide liquid coolant comiections physically below electrical comiections 
to avoid the potential for leakage or drippage on the electrical comiections. 
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